Introduction
Studies on a variety of permeabilized secretory cell types have highlighted the important roles of CaL+ and GTP-binding regulatory proteins in the control of exocytosis [1, 2] . In some cell types, such as neutrophils, activation of GTP-binding proteins by non-hydrolysable GTP analogues is sufficient to activate exocytosis event at extremely low intracellular CaL+ concentrations [ 31. In permeabilized mast cells, GTP analogues and Ca2+ are needed together as dual effectors [4] . It has been suggested that in these cell types, a GTP-binding protein, G,<, is a key element in the exocytotic machinery [S] . At the other end of the spectrum are cell types such as adrenal chromaffin cells, where Caz+ appears to be the central trigger for exocytosis although exocytosis may be regulated by GTP-binding proteins [6] . It is not yet clear whether these cell types share the same fundamental exocytotic components, with a GTP-binding protein being essential for exocytosis in all cell types.
The aim of this article is to assess the evidence for the involvement of GTP-binding proteins t in exocytosis in chromaffin cells and information on their possible nature. It appears that exocytosis in chromaffin cells is probably regulated by multiple GTP-binding proteins of both the heterotrimeric and monomeric classes, but the exact identity of these proteins has yet to be determined.
Abbreviation used: ARF, ADP-ribosylation factor 'To whom correspondence should be addressed. [8, 13] . It appeared that the differing permeabilization methods could possibly account for the three different GTP analogue responses found but it was subsequently demonstrated that the three responses could all be elicited in one study using streptolysin 0-permeabilized chromafin cells [ 101.
The effects of GTP analogues on exocytosis in chromafin cells
The straight-forward interpretation of this set of data is that exocytosis is controlled by multiple G-proteins and that these can be differentially activated by GTP analogues under various conditions (Figure 1 ). This idea is reinforced by the fact that the three GTP analogue-induced responses to chromaffin cells differ in their preference for GTPyS compared with GppNHp (Table 1 ).
There is one interesting difference between electropermeabilized and digtonin-or streptolysin 0-permeabilized chromafin cells. The inhibition by GTPyS of Ca2+-dependent secretion can only be revealed by preincubation with GTP yS before challenge with Ca2+ [7, 9, 12] . In electropermeabilized cells, the inhibition is almost complete [7] but is typically only a partial inhibition (30-40%) with the other permeabilization methods. One interpretation of these results is that the GTPyS-induced inhibition involves a cytosolic component (a GTP-binding protein?) that can leak from cells with large membrane pores after digitonin or streptolysin 0 permeabilization but does not leak through the small pores in electropermeabilized cells which are An increase in catecholamine release from digitonin-permeabilized cells in the absence of Ca2+ has been detected using a range of GTP analogues [11, 14] . The most effective was XTP (10 mM) and the stimulation by this and other GTP analogues was blocked by GDPPS [14] . One problem with permeabilized cells is that catecholamine release can occur as a result of intracellular granule lysis rather than exocytosis and, therefore, it is important to establish that stimulators do activate the exocytotic process. This can be demonstrated directly using the whole-cell patch-clamp technique to monitor membrane capacitance [ 151. Measured membrane capacitance is proportional to plasma membrane area and exocytosis results in an increase in capacitance in single chromafin cells. The cells were internally dialysed with buffer containing 5 mM EGTA but no added Ca2+ (0 Ca2+), Ca2+ added to give 10 p M free Ca2+, or 0 Ca2+ with 10 mM XTP. A Ca2+-dependent increase in capacitance was readily detectable (maximum rate 42.3k7.3 fF/s, meanfS.E.M., n= 12 cells). In addition, in 0 Ca2+, XTP stimulated exocytosis (maximum rate 9.5 k 3.9 fF/s, n = 12, compared with 0.36 f 0.53 fF/s, n = 8, in the absence of XTP) but the responses fell into two groups with either slow ( n = 8 ) or fast ( n = 4 ) responses (Figure 2 ). These data confirm that exocytosis can be activated in chromaffin cells at very low Caz+ concentration by GTP analogues. tory of Kumakura, which showed that the effect of the toxin could be mimicked by incubation of digitonin-permeabilized cells with an antiserum raised against a C-terminal peptide of the a-subunit of Go [19] . This antiserum should recognize both the Go and the Gi, a-subunits, which have a similar C-terminal sequence. Subsequently, it was shown that the G-protein activator mastoparan inhibited Ca2 + -dependent secretion in chromaffin cells and that this inhibition was reversed by a similar antiserum [20] . Therefore, Go or Gi3 appear to have a negative regulatory effect on exocytosis in chromafin cells. The site of action within the exocytotic pathway of this inhibitory G-protein is unknown.
Evidence for the involvement of monomeric GTP-binding proteins
Several monomeric G-proteins can be detected on purified chromafin granule membranes using a ["PIGTP blot overlay technique [21] , including rab3 [22] and ADP-ribosylation factor (ARF; A. Morgan, J. Moss and R. D. Burgoyne, unpublished work). In addition, rabll has been found to be a component of dense-core regulated and constitutive secretory vesicles of PC 12 cells [ 231. The functional significance of the proteins present on secretory vesicles is not yet clear but such a localization does suggest that they play a role at some stage in exocytosis.
Attempts have been made to investigate the role of small GTP-binding proteins in exocytosis using synthetic peptides. A peptide based on the putative effector loop of rab3 (the rab3AL peptide) stimulates exocytosis in a Ca2+ -independent manner in some cell types, including mast cells [24] and pancreatic exocrine cells [25] . The specificity of this effect of rab3AL has been questioned [26] . In chromafin cells, rab3AL either produces a small enhancement of Ca2+ -dependent secretion [27] or has no effect [28] . In contrast, a peptide based on the essential N-terminal domain of ARF almost abolishes Ca2+ -dependent secretion in chromafin cells [28] . This peptide also inhibits endosome-endosome fusion and vesicular trafic from the endoplasmic reticulum to the Golgi, and within the Golgi [29-311. In the early secretory pathway, ARF functions to recruit the coat proteins of transport vesicles [32] and therefore cycles on and off the Golgi membranes. ARF may be involved in exocytosis, potentially functioning in the recruitment of cytosolic proteins onto the granule or plasma membrane. ARF translocates from cytosol to the plasma membrane in response to GTPyS in permeabilized insulin-secreting cells [ 331 and so could potentially cycle on and off granule or plasma membranes in intact cells.
Conclusions
In the adrenal chromafin cell, where Ca2+ is the key trigger for exocytosis, GTP-binding proteins appear to control the exocytotic process. Inhibitory and stimulatory control is exerted apparently through both heterotrimeric and monomeric GTP-binding proteins. Further work will be required to determine exactly which GTP-binding proteins are involved, whether they also function in an essential manner in the exocytotic fusion machinery or in its assembly, and to find out if they act on vesicle docking, fusion or both. The ability of GTP analogues to directly stimulate Ca2+-independent exocytosis is consistent with a key role for a GTPbinding protein (G, [ 5 ] ) in the triggering of exocytosis.
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